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Abstract 
 
The concept of measuring the friction between a bulk solid and a wall material is very simple. 
However, experience together with previous wall friction measurement research suggest that 
variables that influence wall friction values are difficult to quantify and, so far, are proving  
unreliable to predict with any degree of confidence.  
In this paper some preliminary test results are presented for different bulk solids on different wall 
plates where variables examined include particle size distribution, moisture content, test cell size 
and shear speed. 
 
The outcomes presented confirm the authors’ belief that with the present state of knowledge about 
wall friction it is dangerous to estimate appropriate wall friction values to use in design without 
undertaking measurements designed to duplicate field conditions as closely as possible.   
 
The results also emphasize the necessity for further in-depth research on this challenging topic! 
 
1. Introduction 
 
Given the variable nature of bulk solid materials, flow property testing of a representative sample is 
advisable as an aid to reliable equipment design. In particular, having reliable estimates of boundary 
or wall friction is particularly important when designing such items as hoppers for mass-flow, 
transfer chutes that are effective and when calculating bin wall loads and feeder loads. 
Wall friction is traditionally measured using a Jenike direct shear tester  or an annular shear cell 
tester as described by Schwedes [1]. The Jenike shear tester (JST) setup for measuring wall friction 
is a popular tool used to analyse the kinematic wall friction angles and cohesion of a bulk solid 
when slid on a surface as described in the Standard Shear Testing Technique (SSTT) [2]. 
According the SSTT, the JST is suitable for coarse particles with a diameter up to 5 percent of the 
shear cell diameter but typically particles above 4mm are removed. Removing the coarser particles 
has been accepted as a valid technique to obtain reliable and conservative wall friction angles as the 
fine particle are of more interest for determining the maximum strength and boundary friction of a 
bulk solid, especially to achieve mass-flow in bins. 
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4. Wall Friction Characteristics of Iron Ore Fines 
 
A comparison of the wall friction characteristics for moist iron ore fines was undertaken using the 
JST and LSWFT. The moist sample of iron ore tested on the JST was sieved to -4mm while the 
bulk size distribution (-9.5mm) was tested on the LSWFT at the “as received” moisture content. 
SS304-2B and a polished sample of Arcoplate (tested with shear direction and grain aligned) were 
examined.  
 
Figure 12 shows that higher wall friction is displayed when the iron ore is tested with the bulk size 
distribution on the LSWFT for both the SS304-2B and Arcoplate. On the LSWFT, the variation of 
friction between the SS304-2B and Arcoplate is minor where slightly greater friction was measured 
on the Arcoplate. The JST also shows that higher friction was measured on the Arcoplate but there 
is a significant increase in friction on the Arcoplate at higher normal stress. Reviewing the wall 
friction angles in Figure 12, the friction on the LSWFT is constant indicating negligible cohesion 
while the JST indicates greater cohesion based on linear extrapolation. However, the lowest normal 
stress data points on the WYL for the JST lie below the linear line of best fit indicating that the 
cohesive stress measured on the JST is overestimated. The difference between the WYL measured 
on the JST and LSWFT will have a noteworthy effect on the design parameters for a mass-flow 
hopper, bin wall loads and feeder loads.  
 
 
Figure 12 – Wall Yield Loci (left) and wall friction angle, w, (right) of -4mm (4.1% moisture 
content) and bulk (3.6% moisture content) iron ore fines on SS304-2B and Arcoplate tested on JST 
and LSWFT 
 
5.  Concluding Remarks 
 
While the measurement of wall friction for a bulk solid is conceptually simple, the influences 
various parameters have on the outcome remains unclear.  While certain generalisations may be 
proposed there remains considerable ‘exceptions to the rule’. Although it is generally considered to 
be quicker and easier to test the -4mm size fraction of a bulk material for design purposes, this 
paper has emphasised the potential risks of following international standards. The developed 
LSWFT has shown to be a valuable machine to compare results with those obtained with the JST. 
The wall friction comparison of the wall friction variations assist in making informed decisions for 
the design of reliable storage and handling equipment. 
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This study has shown that retaining a low aspect ratio of the particle top size to the shear cell 
diameter is ideal to obtain reliable and repeatable results. Considerable further research is required 
to examine variables such as particle size, moisture level and shear rate on the wall friction 
characteristics and also to have a better appreciation of the advantages and limitations of the of the 
LSWFT and JST for wall friction measurements. 
 
In the meantime the authors’ retain the belief that with the present state of knowledge about wall 
friction it is dangerous to estimate appropriate wall friction values to use in design without 
undertaking measurements designed to duplicate field conditions as closely as possible. 
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